The tracking data of the learners' activities is always known as significant source of information, allowing the instructors to be aware of the activities that the learners carried through, along with their outputs. It is at the same time considered a privileged element, exploited by the researchers and the developers to improve the learning environments. Yet, collecting and exploiting tracking data in Web-based learning environment are still among the research challenges. In this paper, we present the latest results of our research works, regarding the approach adoptedfor efficiently tracking the learner's activities on discussion forums.
Introduction
Our research works are particularly involved in keeping track of the learner's activities through the distance learning platforms and exploiting the tracking data in different learning contexts. The main objective of the project is to use the tracking data, collected during the learner's communication activities on discussion forums, to assist both learners and teachers in their distance learning activities. Tracking data are too called "traces", generally generated by tracking system in accordance with its defined trace format or model [1] . The collected traces are used to depict the activities of the users and/or the events occurred during the usage of the systems in a specific context. In Web-based learning situations, the trace of learners' activities is a significant source of information that reveals not only the activities themselves, but also their outputs (the results of the activities that the learners carried through the learning process). Therefore, traces are known as important elements, keeping the instructors informed of different learning aspects of learners, like the progress of the learners' activities [2] and the exchanged communications between learners [3] [4] . This allows the instructors to supervise each individual as well as groups of learners while being in remote situations. Furthermore, by analyzing the traces in collaborative learning environments, the instructors could evaluate social and cognitive aspects of learners [5] . The synthetic information derived from the analysis could help learners review their own behavioral aspects and that of others [4] . Last but not least, tracking data plays another role in helping both the researchers and the developers improve the learning platforms and develop adaptable educational tools that match better the necessity of each user [6] . This paper presents an approach for efficiently tracking the learner's communication activities on different types of discussion forum. We begin section 2 by uncovering the principal research issues in tracking user's activity and exploiting the tracking data in Webbased learning environments. In section 3, we present the different levels of Human and Machine interactions to be observed. We show how our Web-based tracking system was built in section 4, followed by an example of how a user's communication activities in discussion forums are being captured and how tracking data are being generated and stored in the trace repository.
Research issues in collecting and exploiting learner's tracking data
Based on the results of our first Web-based tracking system [7] , we would like to pin-point the lack of functionalities of existing Computer Mediated Communication (CMC) tracking systems and the ways traces have been exploited.
Keeping track of learner's activities
In order to track efficiently the learners' communication activities on discussion forums, the tracking system must observe closely where the activities are going to be carried on. However, most systems were designed to observe user's activity only on the server side, the user's interaction on the client side is completely ignored. In this case, the granularity of traces should be rather large and the information returned from the trace analysis might not be accurate enough to reflect the complete activities of users during their communications. The approach we present in section 3, focuses on different levels of Human and Computer Interactions, which means that the observation of users' activities is done on both client and server side. This allows us to have different compositions of traces with finer granularity.
Another remark we made about the existing tracking systems is that the activities of lurkers on discussion forum have never been tracked down. Even lurkers do not participate in the communications between other users and who are not visible to other users when online, they are recognized as an important part of Internet community, as mentioned in [8] . Hence tracking the lurkers' activities and analyzing their traces permit us to understand more about the lurker behavior and their influence in distance learning environments [9] . This is one of the particularities of our research, tracking every other user and studying their traces by hoping to address more convenient supports to forum users, especially the teachers so that they can be more aware of other user's activities, including lurkers'.
Structuring tracking data
Since each choice of modeling and structuring traces was made just to match each individual need, traces are often carried out in an ad-hoc manner, which either confines the reusability of data in different purposes or makes data exploitation difficult (i.e. traces can be hard exploited independently by different exploitation tools). During the study of related works, we notice that most tracking systems still use text log files to keep track of users' activities on Computer Mediated Communication tools. Consequently, the traces stored in log files have been rarely exploited by the users (instructors and learners) either because of the ignorance of their existence, or because the traces do not match the exigency of the users. Moreover, the structure of log file varies from one forum to another due to the fact that each log file depends on how it was generated, yet there is a lack of semantic aspects for traces stored in log files (i.e. pure text log file).
To avoid this kind of situation, traces should be represented in a generic format, from which another standard or specific format can be created to represent the identical trace. In addition, it is needful to consider the possibilities to enrich the recorded traces: the fact that traces are being modified by adding more descriptive data (supplementary information) to its original representation, allowing traces to be restructured, transformed into another format, and reusable for other types of traces exploitation tool.
Exploiting learner's tracking data
The learning's tracking data are somehow made up of specific information which is not directly interpretable by the forum users without the assistance of the specific tools. The traces can be analyzed quantitatively and/or qualitatively with both interactions analysis methods [10] and content analysis methods [11] . The major problems that we faced are due to the effectiveness of the used method and the quality of the results returned from the traces analysis. As matter of fact, the analysis can not be done efficiently when the recorded traces are not descriptive enough and when there is lack of traces indicators. As an example, the analysis that looks for a piece of information in the recorded traces to be extracted in order to answer explicitly what exactly happens after this student logged on the forum, or if a message in the forum has not been read by users after its displays. Thus, the root of the problem seems to be much more correlated to the collection of the tracking data. The approach discussed in section 3 aims at bringing the solutions to such problem.
Approach for efficiently tracking communication activities
We used the 5W1H method (When, Where, Who, What, Why, and How) to build our approach. We started by answering the who and why questions in order to identify the real need of different participants in the learning process and to contextualize the communication activities to be tracked. It is important to mention here that every answer to the questions was useful for us to define the objectives of the research as well as the tasks to be accomplished by the approach.
Due to the scope of this paper, we present only the crucial parts of the approach and in brief, the explanation of Where, What, When and How to track learner's communication activities on discussion forums. figure 1 . We also took into account the dependency of the tracking data to be produced at each level so that they can be either analyzed independently or dependently.
What and where to track?
As shown in figure 1 , during a communication activity, five levels of interactions can be observed:
(1) The Human-Computer Interactions refer to the user's actions while using the Graphic User Interface of CMC tools to communicate with other users. Lets us give an example of an activity "Writing a new message". The interaction between user and a forum interface can be "edit" message title or message content, "move" vertical scrollbars upward or downward, "drag & drop" smilies into the message, etc. All of these actions occurred only on his/her user interface, more precisely on the user browser without sending any request query to the server or to any other user's machine.
(2) The Human-Human Interactions Mediated by Computer refer to the content of the interaction exchanged between the users. With the same example of "Writing a new message"; all the written text on the user interface will be submitted to the server or directly to other user's machine so that the message can be read by other users. To do so, user has to click on "Send' or "Submit" button. The message is being sent via a request query to the server or to the machine where the message must be stored or displayed. The results are most of the time very useful for the developers who seek to improve the communication tools, and the researchers who are involved in development experiences. As an example, we commonly use the tracking data at this level, to debug our system and to strengthen the security of the communication.
(4) The user behavior/attitude while using communication tool is a non-mediated interaction. It means every other actions of the user outside the computer environment (i.e. user drinks a cup of tea while writing a message, or user makes a phone call during the learning session). In some circumstances, particularly in distance learning situations, it is not sufficient to track only the computer mediated activity of the learners. Video and audio recorders are more practical in observing the learner behavior. The audiovisual data can be then used for multipurpose, among which the analysis of user's behavior while working individually or collaboratively.
(5) The computer action without user action: there are plenty of computer ctions that occur automatically without the action of the user. As an example, a pop-up message telling the user that his/her session in the chat room will be expired in 5 minutes, or a jingle to alert that a new member has been logged in to the forum etc. Tracking such computer action can be done on both client and server side. On the client side, we can capture most of events occurred and showed up on the user interface, as on the server side, the event will be captured once the request query has been lunched and executed.
When and how to track?
Since there is a variety of discussion forums used in Web-based learning environments, the wise solution is not to build for every single forum a tracking system. The key to the solution is to study the common points and the particularities of each forum and to propose tracking system architecture, which is applicable in different types of discussion forums. Here is an example; it is undeniable that every forum provides a functional tool for "writing a message" and that is the common point. The dissimilarity is the way a user can employ it to write a message. The particularities of discussion forums are mainly about the user interfaces and the types of Human and Computer interactions available in each forum. When a user writes a message in forum 1, placing his/her message in to a thread category is feasible through a multi-selected drop list. The user would do that otherwise inforum 2, because instead of multi-selected drop list, forum 2 proposes a set of checkboxes for the thread categories. The final results of that activity are the same but the way the user interacts with the two forums is different. Thence, we started to formalize the usage models to describe the way users employ each functional tool to perform their communication activities. We give below the explanation of what a usage model is and what purpose it is used for. 4 . A Web-based tracking system for discussion forums
Usage model
A usage model enables us to (i) define the context of user's activities and (ii) identify every user action on the interaction object and its associated events. 
Observation component
We presented in detail in [12] , the architecture of our tracking system for discussion forums and how each system component was built. The observation components were specifically designed with a number of traces collectors, which take care of observing user's interaction on client side (Human-Computer Interaction) and user's communications on server side (Human-Human Interactions Mediated by Computer). The observation component is attached with a usage model, which describes how a communication activity on the forum can be performed by a user and how traces collectors generates instantaneously the tracking data representing the user's activities and its associated communication content.
Via figure 3 , let us give an example of a tracking process, showing how an activity <<Post a new message») is being tracked and how the tracking data are being generated and recorded. Figure 3 . General architecture of Web-based tracking system on client and server side
The user's interactions on their browser interface, such as typing a message, drag & drop smilies into the message, moving scrollbar upward or downward, etc., will be captured by traces collectors on client side. The tracking data will be generated and temporarily stored on user's workstation. When the user clicks on the <<Submit») button, there is a HTTP server request query to submit the written message to the server. The trace collectors on the server side capture that request query and generate simultaneously the tracking data to represent the communication activity (i.e. post a new message) as well as the content of the communication (i.e. written message). At each HTTP request, the temporary tracking data, previously stored on client workstation, will be submitted to the server. These data will be next synchronized with those on the server, structured and stored in the trace repository.
We had developed the trace collector on the client side by using JavaScript language and AJAX technologies. JavaScript is a lightweight scripting language which is executed on user's Web browser (client side) and supported by any kind of Web browser. AJAX (Asynchronous JavaScript And XML) is a cross-platform technique usable on many different operating systems and Web navigator as it is based on open standards such as JavaScript and XML. With AJAX, we were able to make our Web-based tracking system more flexible in term of manipulating the tracking data directly at the client side, such as generating and sending the tracking data to the server in the background without interrupting the user's navigation. The predefined usage model of each communication activity allows the traces collectors on both client and server to exchange the information and to make the information coherent, e.g., the server is capable of synchronizing the tracking data submitted from clients with those on the server.
Conclusions and future work
In this paper, we pointed out the key issues related to the problems in tracking user's activities on CMC tools and in exploiting the traces collected within learning environments. Our principal contribution to this research challenge is an approach for efficiently tracking the user's communication activities on different types of discussion forums. The suggested approach is for building Web-based tracking system, which takes into account different levels of Human and Machine Interactions, where the observation must be carried out in order to collect as rigorously as possible the necessary information about the Computer Mediated Communication activities, including the content of the exchanged communications. The tracking data at each level contain different indicators that will be served by different users, especially the participants in the learning process as well as the researchers and the developers of Webbased communication tools.
Our future work is to make the approach become general so that we can provide an explicit framework to support the tracking system of different CMC tools. Besides, we are now working on a development of a platform for traces management, in order to analyze and visualize the traces of learner's communication activities in CMC tools.
